GAIA 15/4 (2006): 294 -301 | www.oekom.de/gaia edge is not simply "given by nature", but the result of the growth of knowledge itself, the British philosopher of science Jerry Ravetz has termed it "man-made" or "science-based ignorance" (Ravetz 1990 ; for the distinction of the terms "ignorance" and "non-knowledge", see below).
It is crucial, therefore, to deal adequately and reflectively not only with what we know, but also with what we do not know. Yet, of course, the EEA editorial team is fully aware of the apparently paradoxical and possibly unattainable character of its demand to "respond to ignorance": "At first sight, responding to ignorance may seem to ask the impossible. How can strategies be devised to prevent outcomes, which, by definition, are not known?" (EEA 2001, p. 170) .
In this article, we introduce the concept of "scientific cultures of non-knowledge", which offers new and promising perspectives for dealing with this seemingly irresolvable question. The concept of cultures of non-knowledge refers to the practices by which different scientific (sub-)disciplines generate, acknowledge, and communicate non-knowledge. The term "non-knowledge" (see Weinstein and Weinstein 1978) indicates the general absence of knowledge, regardless of its further contextual implications. "Ignorance", in contrast, implies the theoretical availability of the knowledge in question; "uncertainty" and "indeterminacy" imply the recognition of a lack of knowledge, as well as its further qualitative specification. 2 Our research project 3 aims at exploring new ways of self-reflectively dealing with non-knowledge in science and at contributing to a better understanding of public controversies. This requires outlining and acknowledging different modes of framing the unknown in science and society. We illustrate our approach using the example of agro-biotechnology and the controversy over genetically modified organisms (GMO). This field is characterised by a multiplicity of scientific disciplines and by particular atten-> FORSCHUNG | RESEARCH www.oekom.de/gaia | GAIA 15/4 (2006): 294 -301 tion to what is not known regarding the possible consequences of technological innovation. We analyse how molecular biology and ecology, the two most important scientific (sub-)disciplines in the area of agro-biotechnology, deal with non-knowledge. Based on this, we seek to outline societal implications of the fact that there are at least two discernible scientific cultures within the GMO debate, which differ significantly in the ways they deal with what is not known.
Cultures of Non-Knowledge: Conceptual Approach
Epistemic Cultures as Cultures of Non-Knowledge Knorr Cetina (1999) has shown that two influential scientific (sub-)disciplines -high-energy physics and molecular biologydiffer widely in their practices of "making knowledge". Thus, as she concludes, the sciences can be understood as being differentiated into various "epistemic cultures" or "scientific cultures of knowledge". These consist of and are constituted by sets of specific practices of generating, validating, and communicating knowledge, each of which is characteristic of its respective (sub-)disciplinary field. What is remarkable in Knorr Cetina's study is that these cultures of knowledge include specific practices of producing and dealing with non-knowledge. Thus they can also be interpreted as "cultures of non-knowledge".
As Knorr Cetina demonstrates, high-energy physics is very attentive to the limits of its knowledge: disturbances, distortions, errors, unexpected events, or uncertainties. Its epistemic strategy focuses on the active search for what she has termed "liminal knowledge", i. e., the expertise of dealing with the boundaries of knowledge. In contrast, molecular biology is not (indeed perhaps cannot be) very interested in the limits of its knowledge or in its self-generated non-knowledge. If experiments fail or expose unforeseen results, molecular biologists usually do not explore the causes any further, but vary the conditions of the experiment until the expected type of outcome emerges (Knorr Cetina 1999) . To refer to this heuristic strategy, Knorr Cetina has coined the term "semi-blind variation" (Knorr Cetina 1999, p.110) . She argues that this should not be interpreted as a sign of epistemic sloppiness, but as a requirement of the specific research fields and objects of molecular biology.
Another strand in environmental research provides similar conclusions concerning cultures of (non-)knowledge. Based on a comparative analysis of the BSE crisis and the political and institutional responses to it in Great Britain and Germany, Wynne and Dressel (2001) differentiate between two (or more) "cultures of uncertainty": While a more empiricist-orientated British (Anglo-Saxon) institutional culture only accepts robust evidence (e.g., specified causal models) as justifying environmental protection, the general public in continental European countries (particularly Germany) is more willing to act on the grounds of uncertainty or even "merely" presumed non-knowledge in a precautionary approach (for the latter, see CEC 2000). Unlike Knorr Cetina, Wynne and Dressel do not refer to the scientific cultures of (non-) knowledge underlying the production of knowledge, but to national cultures of the evaluation of evidence underlying societal decisions.
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Dimensions of Non-Knowledge
To make the concept of cultures of non-knowledge applicable to empirical research, we need to specify and further develop it. A first set of rather general criteria for specifying different cultures of non-knowledge can be derived from sociological observation of the ways in which non-knowledge (often tacitly) is recognised, (often indirectly) defined, and (often implicitly) dealt with in various social contexts. As a means of specification, we propose three dimensions of non-knowledge ( Detailed specifications of the quality of the unknown due to its various possible locations within this three-dimensional space are a constituent part of different (and sometimes competing) cultures of non-knowledge within the sciences as well as in the public sphere (Grove-White 2001).
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Characteristic Traits of Cultures of Non-Knowledge A second set of analytic criteria is more specific to epistemic practices and routines within the sciences. Our basic idea is that practices of dealing with non-knowledge should be studied with regard to certain key issues that are crucial to experimentation and epistemic strategies. We elaborated five key traits of cultures of non-knowledge: 1. What temporal and spatial scale is considered adequate for knowledge to be valid, reliable, and complete in a particular scientific area? How long and on what spatial scale should scientists carry out observations until they can be reasonably confident that specific technologies have no harmful effects: six weeks, six months, three years, or two decades? The synthetic hormone diethylstilboestrol (DES), for instance, turned out to be the cause of cancer in young women whose mothers had taken it during pregnancy fifteen to twenty years before (Ibarreta and Swan 2001) .
GAIA 15/4 (2006): 294 -301 | www.oekom.de/gaia 2. How are unforeseen events and unexpected results dealt with? Are they merely negligible "disturbances" and temporary aberrations from the "true" processes of knowledge generation? Or should they be taken seriously, perhaps even searched for deliberately, as sufficient reasons for critically evaluating and possibly modifying the underlying assumptions? 3. How are complexity, diversity, uncertainty, ambiguity, indeterminacy, and limits of knowledge addressed? 4. What are the ways and routines of coping with de-and re-contextualisation of knowledge (Bonss et al. 1993 a and 1993 b)? Strand (2000 in regard to the life sciences has termed it the in vivo-in vitro problem: Do scientists tacitly assume that their research objects (genetically modified organisms, nanoparticles, chemicals, etc.) behave in the natural environment exactly as they do in the controlled and artificial setting of the laboratory? Or do researchers take into account the probability or even unavoidability of hitherto unknown effects resulting from the non-transparent multiplicity of influencing factors under real-world conditions? Strand criticises the former attitude as "epistemological optimism" or "naivety" and pleads for a more reliable and self-critical "epistemological disillusion". 5. How pronounced is the disciplinary, interdisciplinary, and transdisciplinary (self-)reflexivity of a scientific culture?
Cultures of Non-Knowledge in Agro-Biotechnology
The controversy, both scientific and political, over the release of genetically modified plants offers a good example for studying different cultures of non-knowledge. Firstly, because a wide range of scientific disciplines is involved in the ongoing debates. Secondly, because the "politicisation of ignorance" (Stocking and Holstein 1993) apparently plays an important role in the conflict (e.g., Wynne 2001). Thirdly, because a closure of the debate over appropriate modes of political intervention is not in sight, and the elaboration of innovative analytical tools for democratic deliberation seems overdue.
In the field of agro-biotechnology, we consider four scientific (sub-)disciplines to be particularly important and influential: molecular biology (including genetics), ecology (especially ecosystem research), agricultural sciences (including plant breeding and cultivation), and medical sciences (including veterinary and human medicine). Within these fields, molecular biology and ecology play central roles in shaping and advancing scientific practices and bodies of knowledge. They possess specific ways to generate and handle non-knowledge. However, molecular biology and ecology are rarely linked by interdisciplinary cooperation. When asked for an explanation of this situation, one interviewed molecular biologist referred to their divergent interests, belief systems, and ideologies, resulting in a gap between their proponents and disabling exchange and joint research. The two approaches of molecular biology and ecology to knowledge production and non-knowledge are described in the following, drawing on interviews with molecular biologists and ecologists (see box).
Molecular Biology: Controlled Conditions
In the field of agro-biotechnology, applied molecular biology merges two influential positions: the scientific interest and laboratory research practices of genetics in identifying chromosomes, genes, and their respective functions, and the traditions of plant breeding, providing plant varieties with certain desired traits and/ or high yields under field conditions. The latter is currently being implemented through the techniques of molecular farming and metabolic engineering. Both positions are characterised by laboratory-bench research (as context of discovery and validation), by traditional plant breeding (as context of comparison and explanation), and by a specific (variable) link to agricultural production and industry (as context of funding and as context of application and social legitimisation). Consequently, the temporal and spa-> BOX:
Methodology
The comparative reconstruction of scientific cultures of non-knowledge is designed to clarify the ways in which their everyday practices, their prevalent styles of thought (including their affinities to certain attitudes and concerns), and their heuristic and perceptive horizons (including their blind spots) result in distinct assumptions concerning non-knowledge and the best ways of dealing with it under conditions of social and ecological risk.
The methodology applied in our research project consists of an analysis of the research situation in Germany, based on preliminary talks with experts and on literature research in relevant journals. This was followed by in-depth structured interviews with German scientists in the field of agro-biotechnology. We conducted 36 interviews that included fifteen active scientists, whose anonymity was guaranteed.
As all interviews were conducted in Germany, the interviewees refer to the German debate and research context. Although all interviewed scientists are in close contact with their international scientific communities and refer to international research methods and standards, we have to keep in mind that public debate, GMO regulation, and agro-biotechnological industry differ significantly between the USA and the EU (e. g., Gaskell et al. 1999, Joly and Marris 2001) a as well as within Europe. The GMO debate is admittedly more complex than can be shown in this article, for instance, concerning the different international regulation strategies and practices (e. g., Borrás 2006), or concerning shifts in the underlying debate on risk management procedures (Klinke and Renn 2002, IRGC 2005 ).
a For similarities, see Marris et al. (2001) .
Dimensions of non-knowledge. In contrast to agricultural plant breeding, in molecular biology the total life cycle of an organism and the statistical evaluation of crop output versus crop loss are of secondary importance in scientific publications. Unforeseen or unintended results, such as instability, deformation, or death of living objects during the time span of the research process, pose crucial questions to the scientists. They must decide whether such results are due to a lack of experimental control or to unknown characteristics of the objects themselves, and whether the results should be ignored or analysed and converted into a new research hypothesis. 7 Under conditions of time pressure, financial constraints, and the need to produce reliable results, practical conduct may diverge from theory:
The system itself forces us, so to speak, to consider only those questions which are answerable. a molecular biologist (interview no. 13a, p. 144) 6 One molecular biologist recalled a research project on herbicideresistant plants, during which the search for a scientific explanation for the death of the plant population led to a major scientific breakthrough and completely new information about the organisms studied. Consequently, research in a specific and controlled context is usually highly developed and the epistemic systems are closely analysed. However, it seems to be uncommon to take other possible contexts into consideration -whether they be biological, ecological, or social. A paradoxical result of this is that the controlled research setting in the laboratory appears to be a source of both reliable knowledge and non-knowledge. The better the system is defined, the more variables tend to remain out of focus. Within the scientific culture of molecular biology, the perception of non-knowledge and possible risks of GMO is mainly guided by the comparison of biotechnological methods with modern plant breeding. Agro-biotechnology is described as relatively well controlled and therefore well understood. A per se difference between biotechnological interference and conventional breeding, between (supposedly) substantially equivalent products of different technological origins, is rejected. Non-knowledge is treated as specific, temporary, and reducible, although the existence of unavoidable uncertainties is admitted in theory. The attitude of molecular biologists regarding impacts of GMO can be called "semiblind confidence" (in reference to "semi-blind variation"): Their experience in everyday research is that living objects highly resist their attempts to transform them. Why, then, should other organisms be transformed by mere contact with GMO? In addition, the discovery of molecular repair systems that ensure stable genetic conditions during evolution appears to lead researchers into trusting in effective self-regulation mechanisms which eliminate unintended and undesired results:
I This attitude of "semi-blind confidence" tends to be assigned to all natural systems such as agro-ecosystems where genetically modified corn is released. It is supported by the claim of an overall absence of contradictory evidence.
Ecology: Anticipating the Unexpected
Ecologists, as proponents of a so-called weak discipline, face greater difficulties in producing reliable, reproducible results as compared to molecular biology researchers. They often have a wide range of interdisciplinary and transdisciplinary connections. In transdisciplinary projects aiming at nature preservation and ecosystem management, the scientific interest lies in the object world afield, captured by observation, idiographic description, comparative analysis, and field experimentation. This is complemented by laboratory research and computer modelling. Invasive techniques of investigation are only introduced in a second step. An attentive and unrestricted view is a valued skill, adopted to avoid the unintentional reduction of unrecognised key details. Complex-ity, diversity, vitality, and contextuality (or interconnectedness) are acknowledged characteristics of the object world ( Cultures of non-knowledge within molecular biology and ecology. The epistemic strategy of openness for the unanticipated and handling of the unknown within ecology contrasts with that of drawing the attention to controlled experimental conditions within molecular biology. situations. They adopt a precautionary attitude and try to specify different forms of non-knowledge requiring different forms of precaution. An example is the categorisation of genetically modified plant species according to the uncertainty and risk associated with their release in a certain ecosystem, resulting in suggestions for different strategies of precautionary measurement (Breckling and Verhoefen 2004, Menzel et al. 2005) .
Integrating Non-Knowledge into Democratic Deliberation and Policy
We started our argument referring to cases in which knowledge was ignored by society and non-knowledge was not recognised, resulting in harmful effects. This led to the political demand to take possibly harmful unknown unknowns into account. In our so-called knowledge society, epistemic cultures develop specific expertise not only in the production of knowledge, but also in the handling of non-knowledge. Our comparison of molecular biology and ecology in the field of agro-biotechnology exposed the existence of two different scientific cultures of non-knowledgeone that is based on the reliability and regularity of causal interrelations established in the controlled setting of the laboratory, the other focussing on the ubiquity of unanticipated, unforeseeable, or even unrecognisable effects under varying real-world conditions.We conclude that the specific traits of the epistemic cultures help to characterise science-based non-knowledge in detail. Moreover, our analysis provides a source to critically discuss and broaden our societal capability to handle situations of non-knowledge. As in science, societies can, in principle, choose between a control-oriented and an uncertainty-oriented approach (table 2) in situations of unknown risks. Experts from specific scientific disciplines may advocate those options that are more familiar or more consistent with their own epistemic style. Each culture of nonknowledge is associated with specific (implicit/explicit) motives and based on specific (known/unknown) implications and limitations. At the same time, they are equally "scientific", "rational", and potentially helpful. This has far-reaching consequences, not only for science studies but also for political deliberation and decision making in various fields. It seems of major importance to acknowledge non-knowledge in the sciences as well as in the public debate; 8 to elaborate and preserve a variety of cultures of non-knowledge as a basis of intercultural critique and as a rich source of future action; to think of different societal options of precautionary political actions, referring to different cultures of (non-)knowledge; to societally reflect upon and discuss the world views and implicit value systems inherent in different cultures of non-knowledge and actions of precautionary politics.
The fact that we can discern different scientific cultures of nonknowledge raises several questions which are likely to be of fundamental importance for future socio-ecological developments:
What can modern societies and their institutions learn from control-oriented and from uncertainty-oriented scientific cultures of non-knowledge? Is it realistic to think we can completely avoid non-knowledge -and risks based on non-knowledge -by controlling realworld situations? To what extent is this socially desirable? What are the alternatives to "first-order knowledge" via controlled experiments and to precautionary strategies based on the enhancement of system control? How can first-and secondorder approaches in science and policy be integrated in a sensible way?
The present societal and political reactions towards emerging risk technologies such as biotechnology suggest that we are currently extending the range of uncertainty-oriented approaches in order to avoid negative socio-ecological (side-)effects in the present and future (Böschen 2005) . The following examples can be interpreted as first steps in this direction: the post-market monitoring of GMO and their general environmental surveillance; the stepby-step and case-by-case procedures regarding the permission to release and market GMO (e. g., Tiedje et al. 1989) 9 ; the development of "second-order indicators" (second-order knowledge) to evaluate the specific risk associated with the release of specific chemicals 10 (Scheringer 2004, p. 94) or genetically modified plants 11 (Menzel et al. 2005 ) even before they are released. With the recent turn toward precautionary politics within the EU, a broader discussion and a more detailed conceptualisation seem adequate.
